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Abstract
Autonomy is a topic that is gaining speed throughout the world as labor shortages rise, wages increase
the desire for greater safety in dangerous fields accelerates. One industry that has had a slower start
but looks to join the autonomous bandwagon is construction. Different experts in different fields from
engineers to construction managers give different timelines as to when this autonomous technology
will be normally present in certain construction industries, however an accurate timeline has yet to be
determined. The objective of this paper is to provide a more accurate timeline as to when autonomous
heavy equipment will be prevalent in the construction industry. This data can be helpful to
construction companies for determining new workplace practices, safety lessons, budgets, and
improve the views and goals of the company for long-term growth. Qualitative data was obtained
from questionnaires sent out to multiple industry experts and was compared to the research data
currently available on the subject. It was found that the technology itself has many technological and
social complications that must be fully addressed before it will be seen routinely or efficiently on
constructions sites and its implementation is very far off.
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Introduction
Within the past few years, the number of unmanned operations has increased to a level most people
might not have imagined possible. New cars can legally drive themselves on the road, one can order
fast food through a screen within the store, and many warehouse are stocked and organized using only
robotics. Autonomous technology is improving and growing rapidly across every industry and the
construction industry is no exception. Companies like Built Robotics are currently working on ways
to get operators out of equipment and are producing autonomous technology to be used on excavators,
skid steers, dozers and more.
Safety and productivity seem to be the main drivers of such technology, however using such
equipment is not as simple as substituting a human operated excavator with an autonomous one.

Besides possibly needing to change controls, an autonomous piece of equipment must be programmed
to carry out its specific tasks that are unique to each job. Once on site, who takes responsibility of
programming what how and when to dig? This Is just one of the many questions autonomous
equipment presents.
The Society of Automated Engineers (SAE) rates the levels of driving automation for on highway
vehicles from 0-5, with 0 being absolutely no automation and 5 being completely driverless (3). 0-2
requires “driving” as defined by SAE, even when some level of autonomy is being used, while 3-5
does not require any “driving” when the autonomous system is being used. Though these levels are
designed to describe highway vehicles, they can be effectively used to describe the autonomy of
drivable construction equipment. Drivable construction equipment when mentioned in this article
includes tracked or wheeled construction equipment, that while being used for its desired purpose, can
move on site under its own power when the operator directs it to with the use of his or her hands or
feet by operating joysticks, foot pedals, levers, buttons, or screens. Examples include but are not
limited to excavators, motor graders, compact track loaders (skid steers), scrapers, compactors, and
grinders. Autonomous construction equipment, for the sake of this article, is defined by a piece of
drivable construction equipment without a driver or operator actively operating it.
The purpose of this paper is to try and present a more accurate timeline on when autonomous
construction equipment will be present and actively used in the construction industry. This new
knowledge could be beneficial to companies and the industry by letting them proactively prepare for
industry changes and implement new programs that can work synonymously with unmanned
equipment. New safety programs, job training, prospective hires, and buying practices are just a few
of the many things that autonomous equipment could impact. Having a better understanding of when
to begin change or when to expect the industry start changing could give both construction companies
along with equipment and software companies a more reliable head start.

Literature Review
The thought of autonomous equipment or job sites that do not need actual men on the ground is not a
new topic. In fact, the thought of robotic and computer controlled machinery being used on
construction sites had been brought up decades ago. Articles as far back as the late 80’s and early 90’s
touch on the desire to become autonomous with equipment, stating “…robotics will be key to
achieving new engineering goals and construction goals in productivity and quality” (Killen 1991).
This article then goes in depth describing earthwork equipment that could be automated such as
“...bulldozers, motor graders, and scrapers…” (Killen 1991).
However, as the industry is progressing and technology is changing, the same arguments are being
used in favor of autonomous equipment, but actual development has not risen at the same level as
other technology in the industry such as artificial intelligence, 3d modeling, and augmented reality. In
fact, three separate articles from 1991 to 2021 highlight productivity, safety, and cost as driving forces
for autonomous equipment, however each article describes similar levels of where unmanned
equipment is currently at and provide different views for the future.
This is a common theme throughout much of the literature present today. For example, Automation
and Robotic Applications in North American Construction is an article from 1991. Its format consists

of describing different types of applications that autonomous equipment would bring benefit to if
implemented in such as earthwork, demolition, or transport. After describing its potential benefits, it
dives into real world private testing of the autonomous equipment performing in each application.
This is nearly identical to a research paper from November 2020, titled On-site autonomous
construction robots: Towards unsupervised building. It is not that there are no differences between the
articles. The second article presents a much more up to date perspective and calls out more issues that
have or will arise when trying to implement autonomous equipment. It can do this because of the
knowledge gained on the subject since 1991. However, for being nearly 30 years apart, both have an
eerily similar take on the subject even with the nearly 30 years of research the second article has.
Because no one can predict the future with 100% accuracy, people must use available resources and
insight to see how trends will unfold down the line. Two articles that attempt to do this include
Driverless Dozers and the Dawn of Autonomous Vehicle Technology in Construction and Robots, AI,
and the road to a fully autonomous construction industry. Even though both of these articles were
written within one year of each other, both give very different timelines on when autonomous
equipment will be seen in the industry. Former managing editor of construction-industry publication
Engineering News-Record, Mr. Van Hampton, states that he believes autonomous equipment will be
on sites in “10 to 20 years” (Crozier 2020). This same article also referenced a Yahoo News article
that claims level 4 autonomous cars should be available for purchase by the end of 2024 (Newman
2021). This means he believes at minimum, a six-year gap from driverless cars on the road to
unmanned equipment. On the flip side, the CEO of Built Robotics, a company currently producing
autonomous equipment technology that can be used on excavators, skid steers, and dozers, insists
“you’ll see autonomous vehicles in controlled industrial environments — like construction sites —
before you see level 5 driverless cars on public roads.” (Johnson 2020). That data is very conflicting.
So, what causes these differing views? One might look at the article publication date. Though small,
Mr. Van Hampton made his claim of 10 to 20 years one year after Built Robotics CEO made his.
Though no significant changes could be found externally, potentially there were internal findings that
presented a more negative outlook on autonomous equipment.
One issue that routinely appears when researching the subject of autonomous equipment is creating
the actual machine, or effectively implementing the technology to existing machines in a way that lets
the equipment be used to the same extent and efficiency level as before becoming autonomous. HEAP
- The autonomous walking excavator is an article within a research journal titled Automation in
Construction, that details the extensive journey to do just that. This article describes the process of
creating an autonomous excavator and details each issue and resolution required to design a such a
machine. This company began with a wheeled excavator over a track excavator, citing the extra
mobility on unlevel surfaces, and converted the original system to be used without the need of an
operator. The team on the project quickly saw the need to change certain valves within the hydraulic
system to accommodate their technology, stating, “The challenge in automation is that the valve
characteristics are chosen to fit human operators and thus, for safety reasons, they have a large valve
overlap and dead band” (Jud et al. 2021). They also detail the tedious process of controlling the
velocity of the part movement along with the articulation of the 31 joints on the excavator. This
brought up the potential issue of maintaining precision with a piece of equipment that just by nature of
its use, has relatively large tolerances that grow overtime from wear and tear
Relative to the many positive scholarly articles written on how autonomous equipment can be used to
potentially create safer environments and increase productivity, this paper leads to the question of just

how long will efficiency last before maintenance is required on the extra valves, technology, and all
the new items used on it?
Overall, the data on exactly when autonomous equipment will be implemented is quite widespread.
There are many different opinions and perspectives that provide alternate talking points in favor of
autonomous equipment. With that being said, it seems that potential issues and concerns are fairly
similar and remain not necessarily changed, but rather updated as time has advanced.

Methodology
To further investigate the topic of autonomous equipment with the hopes of providing an accurate
timeline on its presence in the construction industry, qualitative data was obtained through the use of a
questionnaire which was emailed out to industry professionals. Candidates were chosen from social
media platforms, past professional relationships, as well as lists provided by the California
Polytechnic State University San Luis Obispo. There were seven questions/statements to be responded
to on the questionnaire, with one asking for background information on the participant, five questions
asking more specific questions about autonomous equipment, and one broad statement requesting any
other information on the topic. Before the questions, a brief introduction was provided stating
background information on the paper that the responses would be in, along with what constituted
autonomous construction equipment when pertaining to this paper. The introduction also explained to
participants that they could write as little or as much as they wanted. A questionnaire was chosen as
the primary data collection method because it let respondents take their time with their answers and be
thoughtful. There was no exact timeline given on how soon or long they had to fill out the survey, and
it was stressed in the email for them to only fill it out when time was available. This was to hopefully
have the respondents be fully attentive to the questionnaire as they were filling it out. The main
criteria for respondents included having some sort of relation to construction or heavy equipment,
whether it be through school or experience.

Results/Summarization
Question #1: What is your name, title, and company you work for, or what will your potential title be
once your career is started?
This question provided insight to the individual respondent. Titles of participants included project
engineer, CEO, and estimator from companies including BuildWitt, Kewit and more.
Question #2: Do you believe that autonomous heavy equipment is actively being used in construction
today? (Yes or No)
This question was asked to get some sort of background info on the respondent in terms of their
knowledge on the subject. By providing a closed ended question, a longer response could be seen as a
way for the respondent to convey their knowledge on the subject by expanding in their answer. In
fact, only one person responded with a one worded answer, and it was “yes”. The other answers to
this question were fairly short, as expected. The one response of “no” was followed up with “not

frequently”, alluding to the fact that it is potentially being used on a small scale. One respondent
mentioned how autonomous equipment was being used in mining applications and if there is any use
in construction, it is preliminary. So even though there was only one blatant “yes”, the actual
explanation of the answers from all participants alluded to autonomous heavy equipment being used
in some way, preliminary or on jobsites.
Question #3: Will autonomous heavy equipment ever disrupt the construction industry in any way? If
so, when, and how?
This question was asked to get the professionals opinion on the future of autonomous equipment in
the industry. All respondents thought that autonomous heavy equipment could disrupt the industry,
but none specifically thought that it would disrupt the industry. Reasons for possible disruptions
included taking over labor, taking over repetitive tasks, and increasing safety issues from a potential
lack of human inspection during equipment use. All respondents did not see potential disruptions
happening anytime soon, and disruptions they stated were conveyed as potential issues to be fixed
during the testing of autonomous equipment rather than full on implementation.
Question #4: What driving forces will push autonomous heavy equipment into the industry - safety,
productivity, status...?
The goal of this question was to more precisely find what will drive autonomous equipment into the
industry. Answers varied but had a common theme: reducing the number of people on site. The
reduction of crew size and man hours were brought up as a driving force along with safety. A smaller
crew would mean less man hours which means fewer wages to pay and less people to risk getting
injured, at least while operating.
Question #5: How would companies have to change or adapt to autonomous equipment internally?
This question was asked to gather insight on how a company's structure might be affected by the
introduction of autonomous equipment. Structure referring to teams, hierarchies, divisions, etc. This
question produced the greatest number of ideas from the different respondents and shined light on the
many difficulties that could come from autonomous equipment. Internal changes mentioned included
hiring practices to include more computer and tech-based employees to code and run the technology
in the equipment. Man hour tracking on jobsites was another function that might need change, along
with estimating in general. Outside of the management perspective, there is also the negative stigma
associated with taking away an operator’s job. It was mentioned the pride operators have in their work
and how they usually aren’t too acceptive of change, especially when it seems to be targeting them
negatively. An interesting idea was brought up of possible partnerships between big tech companies
and construction or equipment companies, which could possibly fund autonomy in the industry. Many
changes mentioned were ideas that based on past knowledge, could take a long time to implement and
cost a lot of money through trial and error.
Question #6: How do you view autonomous equipment in construction? This is purposely a broad
question - any opinion, knowledge on the subject and/or viewpoints are welcomed.
The question was intentionally broad to try and get any other opinion from the respondent that could
be beneficial to this paper. The respondents seemed to answer this in a way that summarized what
they said and gave their final thoughts. Though the majority of respondents mentioned accepting it

and stated that it could have potential advantages in the very far future, it was clear as of now, it is not
something they see happening. From firsthand experience with the technology to the many issues and
concerns brought forth in the previous answers, there was a negative connotation surrounding the
introduction of autonomous equipment in the answers to this question. Quality concerns, technology
concerns, along with new estimating practices and the potential to take way operators jobs were
reiterated in the responses.
Question #7: Any other thoughts on the subject:
Because most respondents wrapped up thoughts in the previous question the only information
provided to this question was a recap of what was said before.

Discussion/Conclusions
With autonomous construction equipment in the construction industry becoming a more popular topic
day by day, it is necessary to try and predict just how far we are from unmanned equipment to better
prepare companies and employees. After reviewing the research and comparing it to the thoughts of
industry professionals, it is clear that autonomous equipment will not be actively implemented into the
professional setting anytime soon. Following the trend line of autonomous equipment from early
investigation until now reveals that the positivity and incentive behind unmanned construction
equipment is routinely stumped by problems that were not necessarily unknown, but were not known
to the extent that is known now. That, along with the justified apprehensiveness of industry
professionals goes to show that though it is not out of the conversation, it still has a long ways to go.
The technology does exist, and after review one can see that the investment in the technology is
constantly growing, however the growth of investment spurs a growth in new setbacks as much as it
does spur growth in working autonomous technology. It is a double-edged sword; new research is
necessary to advance autonomy however new research seems to always uncover or further reveal a
new roadblock. For the time being, construction companies can focus on maintaining their current
workplace practices without worrying or diverting extra time into autonomous machinery and
operators can rest assured that their jobs will be needed in the foreseeable future.
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